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Nowadays, it is rather impossible to find any branch of science, industry, medicine, foren-the cross-section to describe the photon energy distribution results (see e.g. Refs. [20, 22, 23 Z C (Z C + δ) with δ < ∼ 1. As for heavy converter atoms Z C ≫ 1, this correction is rather of 139 very small value.
140
The bremsstrahlung, with all the feasible energies k = E γ , causes the mean energy loss 141 of electron on a unit of path [19, 20] 142 − dE e (x) dx = N C · E e (x) · ϕ rad (E e ), (2.6)
The number N C of scattering atoms of converter in 1 cm 3 is 143 N C = ρ C · 6.022 · 10
where ρ C is the density of converter material, and A C is its atomic weight. The quantity ϕ rad 144 is written in the form
The coefficient K C , very slightly varying with the energy E e , provided E e > ∼ 10 MeV, can 146 be found in Refs. [19, 20, 24] for various heavy atoms. So, upon passing a path x, an electron 147 with initial energy E e (0) will have got, in consequence of the radiative losses, the energy 148 E e rad (x) ≈ E e (0) exp[−xN C ϕ rad ].
(2.9)
In fast electrons, E e ≫ m, elastic scattering on heavy nuclei of converter, the angular dis-149 tribution has got a very sharp maximum, within the solid angle Θ < (m/E e ) 2 , and therefore
150
can be leaved out of our consideration [19] [20] [21] .
151
In treating the fast electron collision with atomic electrons, without photon emitting, we 152 are to consider two cases. Firstly, let the momentum ∆ I transferred to an atomic electron be 153 ∆ I < ∼ I Z ≈ 13.5Z C eV, (2.10) the ionization potential of atom. Apparently, as ∆ I ≪ E e , a scattering angle is negligible.
154
The mean electron energy loss on a unit of path, caused by its inelastic collisions with atoms, where E e (0) is the electron energy at the starting edge of converter, and E e I (x) stands for 158 the electron energy upon passing the distance x, which is caused by the ionization losses.
159
With the conditions (2.3), (2.4), we can actually presume 160 ln E ≈ ln E av e , E av e = E e (0) + E GR 2 (2.13) in the Eq. (2.12). Then we arrive at the estimation of the energy loss on the distance x due 161 to the inelastic electron collisions with atoms way, atomic electrons can be considered as free ones, and the fast electron interaction with 164 they reduces to the elastic forward scattering on free resting electrons [19, 21] , which causes 165 no energy loss, as a matter of fact.
166
Amenably to Eqs. (2.9), (2.12)-(2.14), the electron with the incident energy E e (0) at the 167 starting edge of converter has got the energy 168 E e (x) ≈ E e rad (x) − 6πr 1 − E e rad (x) E e (0) ≈ ≈ E e rad (x) + ∆E e I (x) , (2.15) upon passing the path x through converter (see Fig. 1 ). Just this, x-dependent, energy
169
E e (x) is to be substituted into Eq. (2.5) to describe the bremsstrahlung of an electron at 170 the distance x from the starting edge of converter. Thus, the bremsstrahlung production 171 cross-section (2.5) turns out to be function of the distance x, via the electron energy E e (x)
172
(2.15).
173
In the actual evaluation explicated further in Sections 3, 4, the converter thickness R C 174 proves to be chosen so that there are no electrons with the energies E e (R C ) > ∼ 10 MeV ≫ m 175 at the final edge of converter.
176
As expounded above, only the bremsstrahlung with k > ∼ 10 MeV ≫ m, described by Eq.
177
(2.5), is of value to induce the desirable photo-nuclear reaction (2.2). This bremsstrahlung,
178
caused by the initial electron beam with the energy distribution ρ e (E e ) and the current density J e (t), when stems at a distance x from the starting edge of converter, is described by 180 the photon current density (2.1)
where the cross section dσ b /dk is given by Eq. (2.5) with the electron energy E e (x) (2.15).
182
This γ-flux spreads then forward, as was explicated above.
183
In this bremsstrahlung passing the path (R C − x) from a point x up to the final edge
184
of converter R C (see Fig. 1 
where the length of absorption l consists from three aforesaid parts 
194
As understood, precision of all the carried out calculations is proved to be at least of the
, that is anyway none the worse than ∼ 10%.
196
With taken into consideration the restrictions imposed by the guide conditions (2.3),
197
(2.4), we shall now discuss how the cascade of electrons and photons, practicable to the 198 isotope production (2.2), would emerge. The processes in those an electron with the energy 199 E e < E GR participates can't anyway lead to any discernible contribution into the photo-200 neutron production (2.2) of the desired isotope A ′ (Z, N − 1). In slowing-down from the 201 initial energy E e (0) to the energy E GR , an electron loses the energy
This energy loss∆ itself isn't considered to be small. So, at the maxima currently treated
203
electron energy E e (0) = 100 MeV, we would have got∆ ≈ 85 MeV, and for the timely most vital E e (0) = 50 MeV we would arrive at∆ ≈ 35 MeV. As generally received [20, 25] , the 205 primary share of this energy lost∆ is radiated most probably as the γ−rays with energies
Only a small part of this energy loss∆ is emitted as a flux of comparatively soft photons,
207
and γ−radiating with the energies k = E γ >k proves to be all the more negligible [20, 25] .
208
As was already discussed above, in absorbing a photon with the considerable energyk (2.20),
Surely, there is no reason to suggest these energies to be as small as negligible, yet anyway 211 they are nevertheless substantially smaller than the initial electron energy E e (0 
216
At the largest initial electron energy we currently consider (2.4), E e (0) = 100 MeV, there
217
would be E ± ≈ 20 MeV, so as, generally speaking, these e + , e − themselves would give rise
218
to the bremsstrahlung which could in turn serve to the isotope A ′ (Z, N − 1) photo-neutron 219 production (2.2). Yet this isotope production, caused by those secondary electrons with 220 energies E ± ≈ 20 MeV, is anyway 10 times as small as the production due to the initial
221
electrons with E e (0) = 100 MeV themselves, which comes to light in observing the findings 222 presented in tables 5,6,7, Section 4. Thus, when we abandon, even at E e (0) = 100 MeV, the 223 above explicated cascade, the thereby inherent ambiguouties will never come over ≈ 10%.
224
That is why we do not draw into consideration the bremsstrahlung which would be induced,
225
in converter or in sample, by the electrons those themselves would be originated by absorption 226 of the bremsstrahlung, which in its turn is due to scattering an initial electron on nuclei in 227 converter.
228
Upon integrating Eq. (2.17) over the initial electron energy distribution and over the 229 converter length, we obtain the bremsstrahlung flux at the final edge of converter were hardly more than a few per cent, even at E e (0) = 100 MeV.
251
Absorption of the γ-flux goes on inside sample in much the same way as in converter, yet 252 l C (2.18) gives place to l S (Z S , N S , ρ S , k) of the sample. Upon passing a distance y from the 253 starting edge of sample (see Fig. 1 ), the γ-flux (2.22) modifies as follows
Then the density of atoms N ris (y, k, Z, N − 1, t) of the desirable radio-isotope A ′ (Z, N − 1),
255
produced per 1s by the current density (3.1), with a given k, at the distance y (see Fig.1 ) is
where the density of sample atoms
is given in terms of the sample density ρ S and the atomic weight A S . When the isotope
259
A(Z, N), needful to produce A ′ (Z, N − 1), constitutes only some part A bn of the sample
whereρ S is the whole sample density, in particular the density of the natural element A S .
262
Unlike, the quantity l S in Eq. (3.1) is determined by the total densityρ S anyway.
263
Upon integrating the quantity (3.2) over the length of sample and over the photon energy 264 k, we come to describe the total amount of radio-isotope produced inside the sample, per 1 265 s, per 1cm 2 of a sample area,
The integration over the photon energy k is actually restricted by the area where the product
has got a discernible value. Beyond any questions, the values k < ∼ B n and k > ∼ E e contribute
The expression (3.5) represents a source to produce this isotope A ′ (Z, N − 1). To proceed further, we are to recall that the produced radio-isotope A ′ (Z, N − 1) is not stable, and its decay is governed by the life-time τ s , so that a number of decays per 1s reads ordinarily
Yet the isotope A ′ (Z, N − 1) itself undergoes irradiation by the same γ−flux (3.1) as the 270 original isotope A(Z, N) does. Then the photo-nuclear reaction
Then, amenably to the common equation
we obtain the radio-isotope amount, per 1cm 2 area of the sample, elaborated during an
. time-independent initial electron current J e , Eq. (3.11) reduces to
(3.14)
Let us mention that though the correction (3.9) is to be allowed for, its impact on the isotope 281 production is very small, rather negligible, at the values of T e , J e currently treated.
282
It is to designate that we have been using, all over the carried out calculations, just the 
288
Accordingly its definition, this characteristic Y is expressed through the quantity (3.11)
.
It is also of use to discuss the total yield of activity produced by the initial electron current
290
J e inside the whole actual sample, with 1cm 2 area and thickness R S , during exposition time
Beside Y , Y (3.15), (3.16), it is of value to consider the total amount of radio-isotope
293
A ′ (Z, N − 1) elaborated in the whole sample 
A(Z, N)
are generally known to take place as well. Yet their thresholds are nearly twice as much as . Surely, when desired, the yield of isotopes
from irradiated sample would be calculated as well.
304
Let us recall that the eventual results (3.11)-(3.17) are governed by the manifold pa-305 rameters, which characterize 1) the initial electron beam, J e , T e ,Ē e , E b e , E u e , ∆ e ; 2) the con-
3) the sample and the produced radio-isotope, σ γ n , N S , ρ S ,
307
Z S , N S , A bn , l S , R S , N, Z, τ s . In involving these quantities into consideration, the proper dis-308 cussions were explicated above. The dependence of Y, M, Y on these parameters will be 309 considered in next Section 4 for some radio-isotopes, produced immediately in the reaction 310 (2.2). Thereafter, in Section 5, we inquire into the event that the decay
of this, at the first step obtained radio-isotope 
329
In order to elucidate the key point of treatment, we display in radio-isotope production by means of electron beam.
338
As explicated in Section 2, the simultaneous treatment of botch bremsstrahlung produc-339 tion and absorption and electron energy losses serves to realize how the isotope yield does 340 depend on the converter thickness R W . This dependence is typified by 
with the 237 U life time τ 237 U = 6.75d , T − T e = 1d, which are presented in 
an isotope A ′ (Z, N − 1) obtained in the photo-nuclear reaction (2.2), which was described after the other with the exposition time of each one equal to the most efficient value T e ≈ 15h.
493
Then, the yield of activity produced in every one of those samples is
As understood, this way leads to the greatest yield of activity generally attainable during a expositions results in the total yield of activity per one week recovered on the routine reactor basis with operating HEU targets [7] . which are very sophisticated to operate [7, 11] . The point is to recover a thoroughly purified so that there is no need to purify anything and manage any wastes. Therefore the aforesaid 529 6-day term for calibrating activity of the shipment (6-day curies) is to be recounted just from 530 the end of target exposition.
531
Used either HEU-or LEU-target, one of the most important issue to take care of is 532 anyway to eliminate, or at least to minimize, the weapon-usable waste streams resulting 533 from radio-isotope production. In particular concern is that little or no progress is being 534 made for now in this way. Only a very small fraction, typically about 3%, of the 235 U in a 535 target undergoes fission in reactor-based radio-isotope, e.g. 99 Mo, producing [7, 11] . The vast 536 majority of the uranium in the target, along with other fission products and target materials, accelerator-based radio-isotope production has nothing to do with any radioactive wastes,
540
there is no waste stream at all, in actual fact.
541
The decay product of 99 Mo, the isotope 99m Tc (see Section 5), we are primarily focused on,
542
is used in about two-thirds of all the diagnostic and therapeutic nuclear-medical procedures 543 all over the world [5, 9, 11, 12]. The metastable radio-isotope 99m Tc having got the short 544 life-time, the 99 Mo recovered out of an irradiated target is shipped to radio-pharmacies and 545 hospitals within the technetium generators that are eluted to obtain the desired 99m Tc at
In the considered photo-neutron radio-isotope production, an irradiated Mo target could be 549 processed in the Tc-generator just after the end of exposition, which is again an evident 550 advantage over the routine reactor-based production, as the last requires a considerable time 551 and work to prepare that irradiated HEU-or LEU-target for usage in the Tc-generator. Of 552 course, the appropriate required Tc-generator is anew to be designed and built for recovering 
558
As readily understood [7] , refurbishing the obsolent reactors and converting from HEU-559 based to LEU-based radio-isotope production would be anyway time consuming, at least 5-6 560 years long, and technically sophisticated, at least not less than to bring online the accelerator-561 based radio-isotope production. Along with other complexities, the conversion would anew 562 require the very expensive construction of the special hot-cells for processing now the LEU-563 targets, which are not involved at all into the accelerator-based photo-neutron radio-isotope 564 production.
565
In the routine radio-isotope reactor-based elaboration, there is a very long implicated as treated above, would be viewed as a single-purposed facility operating strictly for radio-619 isotope production business.
620
The γ-flux, converted from electron beam of an electron accelerator, can also be used
621
for the photo-fission of 238 U , utilizing the natural or depleted uranium targets, with subse-622 quent recovering the desired radio-isotope, e.g. 99 Mo , from the fission fragments blend [11] .
623
The heretofore treated photo-neutron production of radio-isotopes is certain to be far more ital investments emerge to be very high, as the special facilities, in particular the hot-sells,
640
are required to deal with the emission and disposal of highly radioactive fission products.
641
In contrast, in the radio-isotope photo-neutron production, there are neither uranium fission 
. Table 3 The same as in Table 4 The same as in Table 6 The same as in Table 7 The same as in 
